| INTRODUCTION
Right ventricular (RV) systolic dysfunction impacts prognosis and therapeutic decision making for heart failure patients, 1-3 among whom differentiation between isolated left ventricular (LV) and biventricular (BiV) systolic dysfunction is of substantial importance.
Echocardiography (echo)-derived linear fractional shortening (FS) is
widely used to assess LV function and has been shown to correlate with volumetric quantification and clinical outcomes. [4] [5] [6] [7] However, RV linear fractional shortening has yet to be validated, with geometric complexity of the RV raising concern as to the use of a single linear parameter for assessment of global RV function. Consistent with this, American Society of Echocardiography (ASE) guidelines include discussion of linear RV dimensions as indices of RV size, without insight as to the utility of fractional shortening for assessment of RV function.
8
Recent work by our group has shown RV linear dimensions-as measured on routine echo without tailored imaging-to correlate with RV chamber size as quantified by the reference standard of cardiac magnetic resonance imaging (CMR). 9 Importantly, our data 
| METHODS

| Population
The study comprised a cohort of patients with isolated LV and BiV systolic dysfunction (EF<50%), in whom CMR and echo were performed within a 2-week interval: Patients were identified from a preexisting clinical CMR registry of patients undergoing clinical imaging at Weill
Cornell Medical College (New York, NY, USA). LV and BiV dysfunction patients were matched (2:1) for gender and body size (BSA). CMR was used as the reference standard for cardiac function; patients with conditions known to compromise CMR quantification (ie, atrial fibrillation) or with indeterminate landmarks with which to standardize RV linear dimensions (ie, complex congenital heart disease) were excluded. No patients were otherwise excluded based on image quality or clinical characteristics.
Demographic data were collected with respect to heart failurerelated indices, including atherosclerosis risk factors, coronary artery disease history, and medication regimen. This study was conducted with approval of the Weill Cornell Institutional Review Board.
| Imaging protocol
Echo and CMR were each performed using standardized protocols.
| Echocardiography
Echoes were performed by experienced sonographers using commercially available equipment. Images were acquired in parasternal, as well as apical two-, three-, and four-chamber, orientations as detailed in ASE guidelines. [7] [8] [9] Ancillary imaging was performed to assess RV function, including M-mode for TAPSE, as well as tissue Doppler for Sʹ and RV index of myocardial performance (RIMP), each of which was assessed in apical four-chamber orientation. 
| CMR
CMR was performed using 1.5 Tesla scanners. Cardiac structure and function were assessed via cine-CMR, for which data were acquired using a steady-state free precession pulse sequence: Images were acquired in standard LV short-and long-axis planes. Short-axis images were acquired throughout the RV such that images extended from the pulmonic valve through the RV apex.
| RV chamber quantification
CMR and echo were quantified independently, blinded to clinical history and results of other modalities. Analyses were performed by dedicated readers with experience in each respective modality (echo-AS | CMR-JWW), for whom high reproducibility has previously been reported. 
| Echocardiography
To directly assess utility of routine echo as applied in routine clinical practice, RV linear dimensions (at end-systole and end-diastole) were acquired only in standard orientations-parasternal long-axis and apical four-chamber-which were not tailored for RV-directed imaging.
In each orientation, analysis was performed using optimally on-axis imaging frames, for which end-diastole and end-systole were, respectively, selected based on the image in which the RV size was maximal or minimal. RV linear dimensions were measured using the following landmarks:
• In the apical four-chamber view, RV dimensions were measured in three locations: (1) basal RV width (maximal transverse diameter in basal third of RV), (2) mid-RV width (maximal transverse diameter in mid-third of RV, at approximate level of LV papillary muscles), and (3) RV length (maximal distance from tricuspid annulus to apex).
• In the parasternal long-axis view, proximal RV outflow tract (RVOT) width was measured as the maximal distance (perpendicularly oriented) between the RV free wall and septal-aortic junction. 
| CMR
Cine-CMR was used to quantify cardiac chamber size and function.
RV basal and apical image positions were defined in accordance with standard criteria, with the basal RV defined by the image in which the pulmonic valve or valve annulus was visualized, and the apex defined by the distal-most image in which RV myocardium was visualized. Enddiastole and end-systole were defined based on the respective frames demonstrating the largest and smallest cavity size. RVEF was calculated based on end-diastolic volume (EDV) and end-systolic volume (ESV).
Cine-CMR analysis was performed using a previously validated automated algorithm shown to yield excellent agreement with manual planimetry quantified cardiac chamber size and phantom-verified volumes as well as high reproducibility for both LV and RV quantitative indices.
| Statistical methods
Propensity scoring (derived from gender, BSA) was used to select study patients within respective BiV and LV systolic function groups.
Comparisons between groups were made using Student's t test (expressed as mean ± standard deviation [SD]) for continuous variables.
Categorical variables were compared using chi-square or, when fewer than five expected outcomes per cell, Fisher's exact test. Bivariate correlation coefficients, as well as univariable and multivariable regression analyses, were used to evaluate associations between continuous variables: Overall diagnostic test performance of echo linear fractional shortening was evaluated in relation to volumetric RVEF on CMR using receiver operator characteristics (ROC) curves, which were first used to establish normative cutoffs in a derivation cohort (50% of population) and then to evaluate test performance in a validation cohort. Statistical calculations were performed using SPSS 22.0 (SPSS Inc., Chicago, IL, USA). Two-sided P<.05 was considered indicative of statistical significance.
| RESULTS
| Population characteristics
The population comprised 168 patients with LV systolic heart failure (EF<50%) who underwent echo and CMR within a mean interval of 3.4±3.4 days; 91% of patients underwent imaging via both modalities within 1 week. 
| RV linear dimensions
Complete acquisition of all four linear fractional shortening indices (at both end-systole and end-diastole) were obtainable in 93% (156/168) of patients-all patients had at least one linear parameter acquirable (mean 3.8±0.6): Among each parameter tested, proximal RVOT width was most commonly acquirable (98%), followed by basal and mid-RV width (both 96%), and RV length (95%)-acquisition rates were equivalent to that of conventional RV assessment via FAC (96%), and slightly higher than Sʹ (90%), TAPSE (88%), and RIMP (82%). 
| RV volumes
| Diagnostic performance for impaired RVEF
Echo-quantified linear dimensions were tested with regard to diagnostic test performance for impaired RVEF (<50%) as defined by CMR: Linear fractional shortening cutoffs were first determined in a derivation cohort (50% of population) and then tested in a validation cohort. Table 5A reports diagnostic test performance of individual fractional shortening parameters based on cutoffs established a priori in the derivation cohort (in which cutoffs selected for optimal test sensitivity and minimum specificity ≥80%): Validation cohort results demonstrate moderate sensitivity and specificity for RV width as measured in apical four-chamber and parasternal long-axis views. 
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respectively). Overall test performance of linear fractional shortening indices in the validation cohort is illustrated in Figure 4 .
| DISCUSSION
This study-conducted among LV systolic heart failure patients with well as BNP-evidenced heart failure severity (r=−.38, P=.0005), and independently predicted event-free survival. 12 Similarly, Lindqvist et al. 13 reported that RV fractional shortening (in parasternal shortaxis) differed between a cohort of 112 patients and controls (P<.0001) and correlated with RV long-axis excursion (ie, TAPSE). Interestingly, T A B L E 3 Echo-quantified RV parameters in relation to CMR-quantified RV volumes and function our current results is uncertain, we speculate that this may be attributable to overall sample size (n=36) and limited number of patients (n=10) with impaired RV function (RVEF<50%), both of which were over fourfold smaller than our current study. 
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T A B L E 5 Diagnostic performance of fractional shortening and derived echo indices for CMR RV dysfunction. Optimized for sensitivity using a minimum specificity cutoff of 80%. b Cutoffs based on ASE guidelines.
F I G U R E 4 Diagnostic performance of linear fractional shortening for impaired RVEF. Receiver operating characteristics curves for linear fractional shortening indices in relation to RVEF<50% as established by the reference standard of CMR. Note that proximal RVOT width and mid-RV width yielded near-equivalent overall diagnostic performance (as assessed via area under curve), whereas RV length yielded slightly lesser performance
